Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 

(1 1)Publication number : 2003-129458 
(43)Date of publication of application : 08.05.2003 



(51)lnt.CI. 



E02D 1/00 
G01D 21/00 
G01N 3/34 



(21) Application number : 2002-208958 

(22) Date of filing : 1 7.07.2002 



(71) Applicant: MASUDA GIKEN:KK 

(72) lnventor : MASUDA KAZUO 



(30)Priority 

Priority number : 2001216145 



Priority date : 17.07.2001 Priority country : JP 



(54) METHOD AND DEVICE FOR TESTING LIQUEFACTION AND DYNAMIC PROPERTY OF 
GROUND IN SITU BY UTILIZING BOREHOLE 



(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method and 
a device for testing the liquefaction and dynamic 
properties of ground in situ by utilizing a borehole, which 
can provide dynamic deformation properties with 
respect to a repeated load on a soil layer in an arbitrary 
position in the ground by using the simple method. 
SOLUTION: The repeated load is imposed on a test 
object soil layer of a hole wall of the borehole 100 which 
is provided in the ground, so that displacement of the 
hole wall can be measured. In particular, this method 
and this device are characterized in that the repeated 
load is imposed alternately on a plurality of areas J1 and 
J3 in the direction of a hole axis, so that a shear force in 
a direction crossing the hole axis can be made to act on 
an intermediate soil layer J2 in an alternately repeated 
manner. Additionally, a static load is imposed on the soil 
layer J2 in which a repeat test is performed, so that 
strength can be measured. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Liquefaction and the dynamic trait test method of the foundation in the original location using the bar 
hole characterized by loading with a repeated load the test objective soil layer of the porous wall of the bar hole 
established in the foundation, measuring the variation rate of a porous wall, and searching for the dynamic trait 
of the foundation. 

[Claim 2] The liquefaction and the dynamic trait test method of the foundation in the original location using the 
bar hole according to claim 1 characterized by repeating by turns the shearing force of the direction which 
intersects a hole axis to the middle soil layer of the loading field of a load, and making it act on it by loading 
two or more fields of the direction of a hole axis of the porous wall of a bar hole with a repeated load by turns. 
[Claim 3] The liquefaction and the dynamic trait test method of the foundation in the original location using the 
bar hole according to claim 2 which loads with a static load the middle soil layer which performed the repeat 
trial, and measures reinforcement. 

[Claim 4] Liquefaction and the dynamic trait test method of the foundation in the original location which loaded 
one field of the porous wall of a bar hole with vibration or a repeated load by turns, and used the bar hole 
according to claim 1 which gets to know the dynamic trait of the foundation from the relation between the 
magnitude of a repeat load, vibration or a repeat count, and a variation rate. 

[Claim 5] A repeated load is liquefaction and the dynamic trait test method of 1 of three loads, the compressive 
load by which loading is carried out in the direction which intersects perpendicularly with a hole axis, the 
torsion shear load by which loading is carried out to the hand of cut centering on a hole axis, and the shear load 
by which loading is carried out to a hole axis and a parallel direction, or the foundation in the original location 
which combined and used the bar hole according to claim 1 or 4 for which at least two kinds of loads were 
combined, and which is a load. 

[Claim 6] Liquefaction and the dynamic trait testing device of the foundation in the original location using the 
bar hole characterized by having the eel for measurement which presses a porous wall with the pressure of a 
pressure medium while being inserted into the bar hole established in the foundation, the pressure regulation 
means which can fluctuate periodically the pressure of the pressure medium in this eel for measurement, and the 
displacement detection means for detecting the variation rate of said porous wall. 

[Claim 7] The eel for measurement is liquefaction and the dynamic trait testing device of the foundation in the 
original location using the bar hole according to claim 6 which applies a pressure to the pressure medium of two 
or more interior of a room [ it is classified into two or more ** which press a porous wall along the direction of 
a hole axis of a bar hole, and /****/ pressure regulation ] repeatedly by turns. 

[Claim 8] A pressure regulation means is liquefaction and the dynamic trait testing device of the foundation in 
the original location using the bar hole according to claim 7 which separates a middle room, applies a pressure 
to up-and-down ** repeatedly by turns, and applies a static pressure to a middle room. 
[Claim 9] rotation of the porous wall by the repeated load added to the eel for measurement in the condition 
made the eel for measurement close to a porous wall, with a torque generating means to add a repeated load at 
the circumference of a hole axis, and this torque generating means — the variation rate which detects a variation 
rate ~ liquefaction and the dynamic trait testing device of the foundation in the original location using the bar 
hole according to claim 6 characterized by to have the detection means. 

[Claim 10] the shaft orientations of a shear load generating means to add a repeated load to the eel for 
measurement in the condition of having made the eel for measurement close to a porous wall at a hole axis and a 
parallel direction, and the porous wall by the shear load — the variation rate which detects a variation rate — 
liquefaction and the dynamic trait testing device of the foundation in the original location using the bar hole 
according to claim 6 or 9 characterized by having the detection means. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the liquefaction, dynamic trait 
(reinforcement, deformation property) test method, and testing device using the bar hole which inspects the 
property in the original location of the foundation when repeated loads, such as earthquake force, traffic load, 
and a machine load, act of the foundation. 
[0002] 

[Description of the Prior Art] The conventional foundation inspection bowls by predetermined Mr. Fukashi, 
takes down the detection sound as a eel for measurement in a bar hole, blows up a detection sound, loads a 
porous wall with horizontal load, and detects the static reinforcement and the deformation property of the 
foundation from the variation rate of the porous wall to a load. 
[0003] 

[Problem(s) to be Solved by the Invention] However, by the conventional foundation inspection, having 
detected the static property was not only able to estimate the dynamic trait of the reinforcement or the 
deformation property of the foundation over repeated loads, such as earthquake force, traffic load, and a 
machine load, in case of an earthquake, even if the force of joining the foundation is the magnitude which is not 
destroyed statically, it is gradually ~ it is — it is very important for distortion to become large, and it to be 
thought rapidly, for that it results in destruction, and to investigate the property of the foundation over a 
repeated load. It is thought that the force complicated in a horizontal, the upper and lower sides, and the 
direction of torsion acts in the foundation in case of an earthquake, and although it is very important to get to 
know the dynamic property of the foundation in the original location at the time of such complicated force 
acting, the approach of measuring and evaluating in the foundation of a original location is not established 
conventionally. 

[0004] Although there were what judges the property inclination of the whole foundation (refer to JP,7-3760,A), 
a thing (refer to JP,7- 109725, A) which detects liquefaction at the time of the occurrence of an earthquake as the 
judgment approach of the conventional liquefaction, for example, it was not that to which all examine directly 
the dynamic trait of the soil layer in the foundation itself. 

[0005] As an approach of getting to know the dynamic property over the repeated load of the soil layer itself, 
the sample of the soil in current and the condition of not bowling and disturbing is extracted, this is carried into 
a laboratory, and it is asking by carrying out a soil test. However, since the sample which it is not only very 
difficult to extract in the condition (condition as it is deposited automatically) of not disturbing a sample itself, 
but it extracted is not in the condition which required the underground pressure, it cannot search for the property 
in an actual natural condition. Moreover, the soil test in the interior of a room which cannot be sampled in the 
condition of not disturbing in the case of a soil layer or a weathered rock with large particle size, such as a soil 
layer, grit, etc. which mix very loose sand stratum or stones etc., a soft rock, etc., either therefore is impossible. 
As mentioned above, the actual condition can search for directly only the property in the conditions restricted 
very much in the present condition. 

[0006] This invention has the place which it was made in view of the importance of getting to know the 
dynamic deformation property over the repeated load of the foundation directly, and is made into the purpose in 
offering the liquefaction, the dynamic trait test method, and the testing device of the foundation in the original 
location using the bar hole which can acquire the dynamic reinforcement and the deformation property of the 
foundation in a original location by the simple approach, without needing the sample of the soil in the condition 
do not disturb. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, liquefaction and the dynamic 
trait test method of the foundation in the original location using the bar hole of this invention are characterized 
by loading with a repeated load the test objective soil layer of the porous wall of the bar hole established in the 
foundation, measuring the variation rate of a porous wall, and searching for the dynamic trait of the foundation. 
It can know also especially about liquefaction of the foundation. Here, a repeated load is semantics including the 
whole load changed periodically, and a fluctuating load which can be operated also manually and which was 
carried out slowly is also included from a fluctuating load (vibration) with comparatively high vibration 
frequency. A dynamic trait is the relation of the load at the time of adding a repeated load, and a variation rate 
itself, for example, from the relation between the magnitude of a repeated load, a repeat count, and a variation 
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rate, a deformation property can be grasped, and it can ask for reinforcement and coefficients of strain, such as 
yield load and a breaking load, or analyzing by systematizing these results can estimate the dynamic property of 
a soil layer. 

[0008] It is effective to load two or more fields of the direction of a hole axis of the porous wall of a ball ring 
hole with a compressive load especially repeatedly by turns. If it does in this way, it becomes possible to repeat 
by turns the shearing force of the direction which intersects a shake and a hole axis to the middle soil layer of 
the loading field of a load, and to make it act on it, and the same force as the time of an earthquake can be 
applied to a soil layer. The middle soil layer which performed the repeat trial is a part which receives a damage 
most, if it loads this part with a static compressive load and static reinforcement is measured, has received how 
many damages or can know that degree. Moreover, one field of the porous wall of a bar hole can be loaded with 
vibration or a repeated load by turns, and the dynamic trait of the foundation can also be known from the 
relation between the magnitude of a repeat load, vibration or a repeat count, and a variation rate. A repeated 
load is a combination load which combined 1 of three loads, the compressive load by which loading is carried 
out in the direction which intersects perpendicularly with a hole axis, the torsion shear load by which loading is 
carried out to the hand of cut centering on a hole axis, and the shear load by which loading is carried out to a 
hole axis and a parallel direction, or at least two kinds of loads. 

[0009] Liquefaction and the dynamic trait testing device of the foundation in the original location using the bar 
hole of this invention are characterized by to have the eel for measurement which presses a porous wall with the 
pressure of a pressure medium, the pressure-regulation means which can fluctuate periodically the pressure of 
the pressure medium in this eel for measurement, and the displacement detection means for detecting the 
variation rate of said porous wall while they are inserted into the bar hole established in the foundation. The eel 
for measurement has two or more pressurization sections which press a porous wall along the direction of a hole 
axis of a bar hole, and a pressure regulation means applies a pressure to two or more pressurization sections 
repeatedly by turns. The eel for measurement is classified into two or more **, and constitutes the pressurization 
section, and pressure regulation **** applies a pressure to two or more indoor pressure media repeatedly by 
turns. A pressure regulation means separates a middle room, applies a pressure to up-and-down ** repeatedly by 
turns, and applies a static pressure to a middle room, rotation of the porous wall by the repeated load added to 
the eel for measurement in the condition of having made the eel for measurement close to a porous wall, with a 
torque generating means to add a repeated load at the circumference of a hole axis, and this torque generating 
means — the variation rate which detects a variation rate — it is characterized by having the detection means, the 
shaft orientations of a shear load generating means to add a repeated load to the eel for measurement in the 
condition of having made the eel for measurement close to a porous wall at a hole axis and a parallel direction, 
and the porous wall by the shear load — the variation rate which detects a variation rate — it is characterized by 
having the detection means. 
[0010] 

[Embodiment of the Invention] This invention is explained based on the gestalt of implementation of illustration 
below. 

Gestalt 1 drawing 1 (A) of operation is liquefaction of the foundation concerning the gestalt 1 of operation of 
this invention, and the mimetic diagram of a dynamic trait testing device. Liquefaction and the dynamic trait 
testing device of this foundation The rubber sound 1 as a eel for measurement with which liquids, such as water 
3 as a pressure medium, were filled while being inserted into the bar hole 100 established in the foundation, It 
has the pressure control valve 5 as a pressure regulation means to fluctuate periodically the pressure of the water 
3 in the rubber sound 1, and the displacement sensor 8 as a displacement detection means for detecting the 
variation rate of the porous wall by the pressure from the rubber sound 1 . 

[001 1] Water 3 is stored in the terrestrial water tank 2, a high-pressure gas is supplied to the head space in a 
water tank 2 from the pressure feed zone 4, the water 3 in a water tank 2 is pressurized, and the pressure control 
valve 5 is controlling the pressure of this high-pressure gas by the example of illustration. It is good also as not 
control of a high-pressure gas but a configuration which adjusts water pressure directly depending on the case. 
Moreover, the water tank 2 and the rubber sound 1 are connected by the interconnecting tube 6, a displacement 
sensor 8 detects the oil level of a water tank 2, and the variation rate of a porous wall is called for from oil-level 
height. It is not restricted to a displacement sensor 8, but you may make it measure visually as a displacement 
detection means with the graduation formed in the water tank. 

[0012] The rubber sound 1 is equipped with the flexible member of hollow, such as a rubber tube which carries 
out expansion contraction only in a longitudinal direction by immobilization at a lengthwise direction and which 
is stuck to the porous wall of a bar hole 100. The pressure feed zone 4 consists of regulator bulbs which keep 
constant the gas pressure supplied from pressure sources, such as for example, high-pressure nitrogen gas, and a 
pressure source. As a pressure source, not high pressure gas but a compressor etc. can also be used. 
[0013] As a servo valve is used for a pressure control valve 5, and it is shown in drawing 1 (B), and it has 
become controllable and a pressure is shown in drawing 2 (A) according to a command signal, an output 
pressure is periodically changed by controlling the bulb mechanical component 51 of a pressure control valve 5 
based on the control signal from the computer 7 programmed to change a pressure as it is also at a 
predetermined period, for example, changing the opening of a bulb. An output pressure is detected by the 
pressure sensor 52, is fed back to a servo amplifier 53, and is controlled to follow a command signal correctly. 
[0014] Next, the test procedure by the above-mentioned testing device is explained. Several steps are 
theoretically divided and loaded with the yield load or the non-liquefying critical load (PI) expected, the 
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repeated load of Plus alpha is repeated the whole load, and the amount of displacement of the foundation is 
measured. A trial is continued until it raises the loading load similarly and the foundation is destroyed hereafter, 
and a dynamic trait is searched for from the magnitude of a repeated load, and the relation of the amount of 
displacement. In the example of illustration, although a repeated load is a sine wave, it is not limited about a 
wave and may add an impact load. Although set up in consideration of vibration or a repeat count of an 
earthquake etc. as vibration or the repeat count of a repeated load, it is suitable 0.5-5 [Hz] extent and to set it as 
1-2 [Hz] extent preferably. With the gestalt 2 of this operation, it asks for yield load Py, a breaking load PI, and 
a coefficient of strain as an index of a dynamic trait. 
[0015] Hereafter, concrete test procedure is explained. 

** The experimental setting rubber sound 1 is taken down to the test objective soil layer of a bar hole 100, a 
static pressure (pressure without the element of turbulence) is applied and swollen to the rubber sound 1 until 
the rubber sound 1 sticks to a porous wall and a variation rate is stabilized, and let the pressure at the time of a 
variation rate being stabilized be initial pressure PO. the breaking load or the non-liquefying critical load PI 
expected — setting up - differential pressure with initial pressure P0 — N phase — dividing — load increment 
(deltaP) = (P1-P0) / N — deciding — each load phase — a repeated load — n times — or it examines [ fixed time 
amount Tn ]. According to the trial purpose, the breaking load or the non-liquefying critical load expected may 
be set up highly, may be set up low, and is set as arbitration if needed. For example, in the trial of the important 
foundation, it examines as an estimate highly. Non-liquefying critical load means the load expected not to 
liquefy even if it applies a load more than this, and it is judged according to the foundation. It is decided in 
consideration of the time amount to which many things can be set about the count and time amount which load 
with a repeated load, for example, it is shaking in case of the earthquake. In this example, the load phase was 
made into ten steps and examined for 20 times or 20 seconds for the repeated load as a limit. The shake in case 
of an earthquake is about 20 seconds, and it is because test time will become long too much if the property of 
the foundation in case of an earthquake can be grasped and it becomes more than it if it applies to this extent. 
[0016] ** the 1st load ****-- first - a repeated-load (PO-PO+alpha) phase - for 20 times or 20 seconds - 
loading — each variation rate — read an amount. Considering as the range which does not exceed deltaP is 
suitable for alpha of a repeated load, and it is desirable to make alpha almost equal to deltaP. 
[0017] ** Below the k-th load phase, enlarge a load gradually and repeat a trial, the case of the k-th load phase - 
- a load (Pk) - up to (P0+(k-l) *deltaP) — large - carrying out — a repeated load (Pk+alpha) ~ 20 times — or it 
loads for 20 seconds and a variation rate is measured. Thus, as the measured data are shown in drawing 2 (B) in 
model, it graph-izes. this graph - the last in each load phase — variation rates rl, r2, and r3 ... is filled in. In the 
case of the gestalt of this operation, it is read into a computer, data are processed automatically, and the data 
read by the pressure sensor ask for yield load Py, a breaking load PI, and a coefficient of strain. A coefficient of 
strain will be the inclination of a straight-line part until it results in yield load Py, if it sees in a graph. 
[0018] The amount r of displacement increases as repeat-count n increases, and the reinforcement of the 
foundation and a dynamic deformation property can be known in analyzing these results systematically. That is, 
the judgment of whether to be easy to cause liquefaction is attained, comparing the test result of various soil 
texture. In the case of the sandy foundation, it is destroyed rapidly, and it is assumed that a load and the 
inclination for the relation of a variation rate to lapse into an extreme situation rapidly come out. Decision of the 
degree of liquefaction is also possible by seeing the degree of this abrupt change. Moreover, in the case of the 
argillaceous foundation, the process mist which lapses into an extreme situation, and coming out slowly are 
assumed. The judgment of the degree of a dynamic trait is also possible by seeing this inclination. Moreover, 
early, soil with the higher property in which reinforcement falls rapidly by receiving a dynamic repeated load 
appears, and the judgment of the degree of a decreasing rate on the strength of an extreme situation is also 
attained. 

[0019] ** Always pay attention to change of the attention point mutation of a under [ measurement ], and record 
the time of change beginning to become sudden from a-like proportionally change. Measurement is ended by 
making the time of a variation rate changing rapidly into a breakdown condition, or a breaking load is checked 
and it ends. After returning the pressure of the rubber sound 1 to less than [ P0 ], the rubber sound 1 is pulled 
up. It takes notice of the resistance at the time of pulling up. When it is serious to draw out, it might liquefy and 
the hole may have collapsed. In addition, although relation between a load and a variation rate is graph-ized 
with the gestalt of the above-mentioned implementation, as shown in drawing 7 (A) thru/or (D), it is also 
possible to graph-ize repeat-count n of each load phase and relation of displacement r, and to evaluate the 
property over vibration or a repeat count. This graph plots the peak value (it corresponds to each peak value of a 
repeated load) of the variation rate to the repeated load in each load phase. Whenever a repeated load is added, 
distortion is gradually accumulated in a soil layer and the variation rate becomes large. The degree (inclination 
of a graph) to which the variation rate of the 1st step of drawing 7 (A) thru/or (C), the 2nd step, and the 3rd step 
increases is equal, the inclination of a variation rate becomes large in a breakdown phase ( drawing 7 (D)), and 
in the phase where a soil layer results in destruction, as shown in drawing 7 (E), a variation rate changes rapidly. 
By taking such data, the reinforcement and the dynamic deformation property over the repeated load of each 
soil layer can be known. Moreover, it is possible to graph-ize relation of the time amount and the variation rate 
which add a load, to evaluate the property, and to search for various properties if needed. 
[0020] Although the repeated load considered as the compressive load with which it loads in the direction 
(horizontal) which intersects perpendicularly with a hole axis to a porous wall with the gestalt 1 of the above- 
mentioned implementation, it can also consider as the torsion shear load with which the hand of cut centering on 
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a hole axis is loaded to a porous wall as a repeated load, and can also consider as the shear load with which a 
hole axis and a parallel direction are loaded to a porous wall, for example, rotation of the porous wall by the 
repeated load added to the eel 1 for measurement with the torque generator 9 which adds a repeated load at the 
circumference of a hole axis, and this torque generator 9 in the condition of having made the eel 1 for 
measurement of the gestalt of the above-mentioned implementation close to a porous wall fundamentally as 
shown in drawing 1 when a torsion shearing oscillation trial was performed — the variation rate which detects a 
variation rate — the variation rate as a detection means — what is necessary is just to form a detecting element 10 

[0021] moreover, the shaft orientations of the porous wall by the shear load generator 1 1 and shear load which 
add the shear load which adds a repeated load at a hole axis and a parallel direction to the eel 1 for measurement 
in the condition of having made the eel 1 for measurement close to a porous wall in performing a shearing 
oscillation trial — the variation rate which detects a variation rate ~ the variation rate as a detection means — the 
configuration equipped with the detecting element 12 — then, it is good. Although various configurations are 
possible as the above-mentioned torque generator 9 and a shear load generator 1 1 , the equipment using 
hydrostatic pressure, such as oil pressure or pneumatic pressure, is suitable, and can constitute by the actuator 
using oil pressure or pneumatic pressure, and oil pressure or air pressure-limiting valves, such as a servo valve. 
[0022] The gestalt 2 of operation of this invention is explained to the secondary gestalt of operation. The outline 
configuration of the testing device with which the liquefaction and the dynamic trait test method of the 
foundation in the original location where drawing 3 used the bar hole of this invention are applied is shown. 
Although it was made to examine to one soil layer by the rubber sound repeatedly, a repeated load is hung on 
the soil layers Jl and J3 of a vertical stage by turns, and it is made to make shearing force act on the upper and 
lower sides of the immovable middle soil layer J2 in the gestalt 2 of this operation with the gestalt 1 of the 
above-mentioned implementation. Namely, the rubber sound 1 10 as a eel for measurement which was inserted 
into the bar hole 100 and equipped with the 1st, the 2nd, and two or more pressurization sections with which the 
3rd room was classified into three rooms of 1 1 1,1 12,1 13, and liquids, such as water as a pressure medium, were 
filled in the direction of a hole axis, It has the 1st and 3rd pressure regulation section 121,123 which constitutes 
the pressurization section of this rubber sound 110 and which applies the 1st room of the 3rd room of a pressure 
to the water of 1 13 by turns with 111, and is expanded and shrunk by turns, and the pressure regulation section 
122 which adjusts the water pressure in 2nd room 112. 

[0023] the tubed rubber member 115 which is a flexible member put on the periphery of the cylindrical shape- 
like body section 114 and the body section 1 14 as the rubber sound 1 10 is shown in drawing 4 and drawing 5 — 
since it is constituted, the rubber member 1 15 — the 1st, the 2nd, and the 3rd - the overall length of room 
111, 11 2, 113 — covering — the 1st — room 111 and the 2nd — the boundary section of room 112, and the 2nd — 
room 1 12 and the 3rd — the boundary section of room 1 13 — binding tight — a member 1 16 - binding tight — 
three rooms - you may classify — the 1st and the 2nd — the 3rd room may be attached every ** of 1 1 1,1 12,1 13 
and various structures can be chosen. Hereafter, 1 15A and the rubber member corresponding to 1 12 the 2nd 
room are set to 1 15B, and the 3rd room of the 1st room of the rubber member corresponding to 1 13 is set to 
1 15C for the rubber member corresponding to 1 1 1. these rubber members 1 15 A, 1 15B, and 1 15C, the 1st room, 
and the 2nd - room 1 12 - the 3rd room of the pressurization section is constituted by 1 1 1,1 13. The middle 
thing of the die length L2 of 1 12 (rubber member 1 15B) mostly set as the diameter D grade of the rubber sound 
1 10 is desirable the 2nd room. It is because it will be hard to come out of effect if not much large [ if the die 
length L2 of 1 12 (rubber member 1 15B) is not much narrow the 2nd room, destruction will start in an early 
stage, and ]. moreover, the 1st - the 3rd room, the die length LI and L3 of 1 1 1,1 13 (rubber members 1 15A and 
1 15C) has about 1.5 to 2.5 of D good times, and its about 2 times are the optimal. Moreover, as for D, it is 
desirable to set it as about 20cm from 5cm. Of course, ** and a dimension are not necessarily limited to this 
dimension. If it is made magnitude of this level, the 1st of the rubber member 115 and the rubber members 
1 15A and 1 15C corresponding to 1 1 1,1 13 of the 3rd room will swell spherically, and the force of the direction 
compressed from the upper and lower sides to the middle soil layer J2 will work. 

[0024] The 1st and 3rd pressure regulation section 121,123 made constant pressure the gas supplied from high- 
pressure chemical cylinder 120 A as a pressure source, and chemical cylinder 120 A, and is equipped with gas 
holder 120B which carries out a constant-rate reservoir, and the hydraulic cylinders 12 1C and 123C which 
operate by the pressure from gas holder 120B. gas holder 120B, the bulbs 121E and 123E which miss a pressure 
among hydraulic cylinders 121C and 123C, and the bulbs 121D and 123D which supply a pressure being 
formed, and adjusting such bulb 12 ID, 121E;123D, and 123E - the 1st of the rubber sound 1 10 - the 3rd room 
of a pressure is repeatedly applied to 1 1 1,1 13. for example, the gas pressure supplied to hydraulic cylinders 
121C and 123C by Bulbs 121D and 123D where it used Bulbs 121D and 123D as the pressure control valve and 
Bulbs 121E and 123E are closed — controlling - hydraulic cylinders 121C and 123C — minding - the 1st ~ 
what is necessary is just to add the 3rd room of a load to 1 1 1,1 13 by turns Although the symbol of a hand valve 
has indicated Bulbs 12 ID and 123D in drawing 6 , various bulbs, such as a pressure control valve controlled 
electrically, are applicable. After test termination, Bulbs 121E and 123E are opened and gas pressure is 
extracted from hydraulic cylinders 12 1C and 123C. In this example, as a pressure medium, it is water, and with 
water pressure, the rubber members 1 15A and 1 15C expand, and are contracted. 

[0025] The 2nd pressure regulation section 122 stores water 3 in terrestrial water tank 122C, supplies high 
pressure gas to the head space in water tank 122C from chemical cylinder 122 A, pressurizes the water in water 
tank 122C, and is controlling the pressure of this high-pressure gas by pressure-control-valve 122D without 
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preparing a hydraulic cylinder. But a hydraulic cylinder may be used like the 1st and 3rd pressure regulation 
section 1 2 1 , 1 23 . the 1 st of hydraulic cylinder 1 2 1 C and the rubber sound 110 — room 1 1 1 ~ the 1 st path 131 — 
1 12 is opened for free passage by the 2nd path 132 and 1 13 [ room / 2nd / room / 3rd ] is opened [ C / water 
tank 120] for free passage by the 3rd path 133 with hydraulic cylinder 123C. These 1st, 2nd, and 3rd paths 
131,132,133 are established in the drill rod 140 in which the rubber sound 1 10 is attached. 
[0026] Moreover, the displacement sensor 151,152 which detects the variation rate of a piston to hydraulic 
cylinders 121 C and 123D is formed as a displacement detection means of the rubber sound 1 10 to detect the 1st 
room of the variation rate of 1 1 1, the upper case soil layer Jl compressed by 113 [ room / 3rd ], and the lower- 
berth soil layer J3. The amount of displacement of the rubber members 1 15A and 1 15C of the rubber sound 1 10, 
i.e., the variation rate of a porous wall, is measured from the variation rate of this piston. Moreover, change of 
the water level in water tank 122C is prepared in the displacement sensor 153 as a displacement detection means 
to detect the variation rate of the middle soil layer J2 of the rubber sound 110 compressed by 1 12 [ room / 2nd ]. 
The 2nd room of the amount of displacement of rubber member 1 15B of 1 12, i.e., the variation rate of a porous 
wall, are measured from the amount of displacement of this water level. Furthermore, the piezometer 150 for 
verifying generating of liquefaction is formed in the lower limit section of the rubber sound 110. Although this 
piezometer 150 may be formed in the side face of a eel, since the clay film is in a porous wall and water 
pressure may be unable to measure, as shown in drawing 3 (B), it is suitable to prepare in a lower limit 1 10C 
side side. Moreover, since it is deleted by the sound 110 and soil may adhere while taking down the rubber 
sound 1 10 in the bar hole 100 at lower limit side 1 10C, it is desirable to attach in the inner part of crevice HOD 
of a lower limit side. 

[0027] Next, the test method about the gestalt 2 of operation is explained with reference to drawing 1 . A trial 
adds a repeated load to the soil layers Jl and J3 of a vertical stage by turns, measures the variation rate on real 
time, performs the static load test of the middle soil layer J2 after that, and measures static reinforcement, the 
yield load or the non-liquefying critical load (PI) which that of the load test of the repeated load to the soil layers 
Jl and J3 of vertical stage each itself is completely the same as the gestalt 1 of operation, and is expected — N 
phase — dividing — loading — every load — the repeated load of Plus alpha ~ n times or predetermined time Tn - 
- applying — the variation rate of the foundation — an amount r is measured and the static reinforcement of the 
middle soil layer J2 is measured for every repeated-load loading of each phase. 

[0028] Hereafter, concrete test procedure is explained. It excavates by Mr. Fukashi of a stratum who should 
inspect a bar hole 100, and by the drill rod 140, the rubber sound 1 10 is inserted to the predetermined depth 
location in a bar hole 100, and it examines in the following procedures. 

** the experimental setting rubber sound 1 10 - supply the 2nd room of a pressure to 1 12, load the middle soil 
layer J2 with a static compressive load, and measure the early age strength of the middle soil layer J2. 
Specifically, it asks for "Load P - the displacement r curve" in a static condition. The initial pressure P0 by 
which the rubber sound 1 sticks to a porous wall, and a variation rate is stabilized at this time is ** **. the 
breaking load or the non-liquefying critical load expected — PI — carrying out — differential pressure with initial 
pressure P0 - N phase ~ dividing - load increment (deltaP) = (P1-P0) / N - deciding » the 1st of the rubber 
sound 1 10 — room 111 — the 3rd room, to 1 13, in each load phase, a repeated load is added alternately with n 
times or fixed time amount Tn, and is examined, before a repeat trial ~ the 1st of the rubber sound 1 10 - room 
111-- the 3rd room of initial pressure P0 is applied to 113. 

[0029] The 1st load phase of the 1st load phase reaches 1st room 111. The 3rd room ** To 1 13 Load with the 
repeated load of the magnitude of P0 - PO+alpha alternately n times, and the 1st room of the variation rate of 
1 1 1, the upper case soil layer Jl corresponding to 1 13 the 3rd room, and the lower-berth soil layer J3 is 
measured. The relation between a load and a variation rate is supervised on real time like the gestalt 1 of 
operation, and data are stored in a computer and are graph-ized. Also in this case, a load phase is made into ten 
steps and limits a repeated load to for 20 times or 20 seconds. A standup as shown in drawing 3 (E) makes the 
loading load in this case a rapid impact load. After an impact load starts rapidly, it maintains fixed time amount 
tO load, and compresses a soil layer certainly, and a load falls after that. When the 1st room of the 3rd room of a 
load joins one side of 1 1 3 with 1 1 1 , a load is added to another side by turns so that a load may not be added. 
Although it has become at the fall initiation time of a load standup before of the load to ** of another side, as 
the dotted line indicated, it is good also as the load standup time to ** of another side, and coincidence. 
Shearing force acts on the vertical both ends of the upper case soil layer Jl, and the vertical both ends of the 
lower-berth soil layer J3 with compression, shearing force will act, shaking from the up-and-down soil layers Jl 
and J3 being especially compressed by turns about the middle soil layer J2 (x mark in drawing 3 (A) - (C)), and 
the same damage as the time of an earthquake joins a soil layer. Since the 2nd room of the die length L2 of 1 12 
serves as a diameter D grade of the rubber sound 1 10, the configuration of the rubber sound 110 the 
phenomenon of resulting in destruction — suitable — it can catch - the 1st, since the 3rd room of the die length 
LI and L3 of 1 1 1,1 13 is about 2 times of D Since the rubber members 1 15A and 1 15C swell spherically, a 
variation rate becomes large, and moreover, the component of a force of compressive force can act to the direct 
middle soil layer J2, and can raise the effect of a load to a soil layer. 

** After a repeated-load trial, the 2nd room of a pressure is again supplied to J2, load the middle soil layer J2 
with a static compressive load, perform measurement of the middle soil layer J2 on the strength, and obtain the 
data of how much to have fallen from early age strength. This cycle is made into 1 cycle, and the whole delta P, 
one by one, it enlarges and examines repeatedly, and a loading load is performed until destruction of a soil layer 
arises fundamentally. The test-result model of the static strength test of the middle soil layer J2 is shown in 
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drawing 8 . The graph with which drawing 8 (A) made time amount the static load P which adds an axis of 
ordinate to the middle soil layer J2, and the axis of abscissa, and drawing 8 (B) are the graphs which made time 
amount the variation rate r and axis of abscissa of the middle soil layer J2 which was able to add the load for the 
axis of ordinate. Moreover, drawing 8 (C) thru/or (F) are graphs which show the load of the middle soil layer J2 
in each phase and the relation of a variation rate which are shown in drawing 8 (A) and (B). As shown in 
drawing 8 (A) and (B), the early age strength of the middle soil layer before performing a repeat trial is 
measured first. Change of the rubber sound 1 10 of a variation rate [ as opposed to / change of a variation rate 
becomes small conversely by a pressure increasing rapidly, if a pressure is not improved, but only a variation 
rate becomes large and it sticks to a porous wall until rubber member 1 15B of 1 12 sticks the 2nd room to the 
porous wall of a bar hole 100, reach an initial pressure P0, and / a load ] is stabilized. A load is increased to 
PO+delta in this stable field, a variation rate is detected, and as shown in drawing 8 (C), the load-displacement 
curve (it is a variation rate about a load and an axis of ordinate in an axis of abscissa) of the middle soil layer of 
an initial stage is created. Let the inclination of this load-displacement curve be a coefficient of strain. A load is 
returned to P0 (0) after measurement. Even if it returns a load to P0, since a permanent set remains in the middle 
soil layer J2, a variation rate does not return to origin. The magnitude of the pressure increment delta should just 
be extent which makes about [ of the amplitude of the repeated load added to the vertical stage soil layers Jl and 
J3 / 1/several ], and the relation between a load and a variation rate understands. Next, after performing the 1st 
repeat trial to the vertical stage soil layers Jl and J3, the static strength test of the middle soil layer Jl is 
performed. Even if it puts a pressure, a load does not go up but, as for a load P0, only a variation rate becomes 
large until rubber member 1 15B of a rubber sound swells only in the part of the permanent set at the time of 
initial-pressure measurement. When a permanent set is absorbed, a pressure increases rapidly, change of a 
variation rate becomes small conversely, and the test initiation load P0 (1) is reached. A load is increased to P0 
(l)+delta in this stable field, a variation rate is detected, and the load-displacement curve of the middle soil layer 
after the 1st repeat trial is created (refer to drawing 8 (D)), and let the inclination of a graph be a coefficient of 
strain. A load is returned to the test initiation load P0 (1) after measurement. Even if it returns a load to P0 (1), 
since a permanent set remains in the middle soil layer J2, a variation rate does not return to the variation rate at 
the test initiation time. Hereafter, the static strength test of the middle soil layer J2 is similarly performed after 
the repeat trial of the vertical stage soil layers Jl and J3. In an elastic field, the coefficient of strain obtained 
from a load-displacement curve is almost equal. What time, after that repeat trial (the k-th time), first, that a load 
increases to (P0(k)+delta) takes time amount, and when the middle soil layer J2 changes into a breakdown 
condition, after reaching a test initiation load (P0 (k)), the variation rate increases greatly without a load's going 
up very much. As for the load-displacement curve at this time, inclination becomes sudden (refer to drawing 8 
(E)). Furthermore, when the middle soil layer J2 breaks (the m-th drawing has indicated as the next step of a 
breakdown phase), the load falls as with a peak of a breaking load PI, and when it descends to existing 
pressures, such as ground-water pressure, it becomes fixed. A variation rate increases rapidly from near the 
breaking load ( drawing 8 (B)), and a load-displacement curve serves as graphical form to which a variation rate 
increases further, even if a pressure declines, as shown in drawing 8 (F). 

[0030] The data of a variation rate to the data of a variation rate to the repeated load of an upper case and the 
lower-berth soil layers Jl and J3 and the static load of the middle soil layer J2 are set, the dynamic deformation 
property over a repeated load is judged, and it asks for reinforcement, such as the yield point and the breaking 
point. Moreover, if it is assumed that shearing force produces liquefaction of a soil layer in the middle soil layer 
J2 which acts from the upper and lower sides and liquefaction arises, since the variation rate of the measurement 
data shown in drawin g 8 will become large rapidly, it turns out that liquefaction arose. Moreover, also when the 
neutral stress by piezometer 150 becomes fixed, liquefaction can be verified and it can verify to a duplex 
whether liquefaction arose or not. thus — without it performs a torsion shear test like a gestalt 1 and the shaft- 
orientations shear trial of operation according to the gestalt 2 of this operation - the mutual loading of the 
simple compressive load to the soil layer of a vertical stage — shearing force — a middle soil layer — it can add — 
a simple configuration — certain - a short time - and the dynamic trait trial of the soil layer where precision is 
high can be performed by low cost. 

[0031] Although the immobilization section which loads a rubber sound with a static load was prepared with the 
gestalt 2 of the above-mentioned implementation, only the up-and-down repeated-load loading section may 
constitute without preparing the immobilization section, and you may take notice of only deformation of a 
vertical stage soil layer. It is because a vertical stage soil layer will be affected if shearing force is acting on the 
boundary section of a vertical stage soil layer and liquefaction occurs. Moreover, what is necessary is to be good 
also as three or more steps of upper and lower sides, and just to prepare the immobilization section in the middle 
of each repeated-load loading section in that case, although the repeated load was considered as two steps of 
upper and lower sides. 

[0032] it could also load independently, respectively among three loads, the compressive load by which loading 
is carried out in the direction which intersects perpendicularly with a hole axis as a repeated load, the torsion 
shear load by which loading is carried out to the hand of cut centering on a hole axis, and the shear load by 
which loading is carried out to a hole axis and a parallel direction, and at least two kinds of loads were 
combined — it can also combine and load. 

[0033] In addition, although the ges taken 1 and 2 of the above-mentioned implementation explained taking the 
case of the case where a bar hole 100 is dug perpendicularly, it is applicable also about the case where it digs 
aslant when digging horizontally, for example. Moreover, as a eel for measurement, the piston jack which 
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pressurizes a metal loading plate with oil pressure etc. may be used instead of the rubber sounds 110 and 1, and 
the suitable eel for measurement is chosen according to a soil layer. 



[Effect of the Invention] Since it can examine in a original location according to this invention, without taking 
out an underground sample as explained above, the reinforcement and the deformation property over a repeated 
load of a soil layer in a natural condition can be searched for. Especially, soil layers where particle size is large, 
such as a soil layer, a gravel bed, etc. which cannot be sampled, or a weathered rock, and a soft rock can also be 
measured by mixing of a very loose sand stratum or stones, and the use range spreads. Moreover, to the 
conventional sample trial, in a short time, since it can examine, it is economical. 

[0035] the repeat shearing force of the form which resembled rolling of an earthquake actual in the boundary 
section of a loading field by loading two or more fields of the direction of a hole axis of the porous wall of a ball 
ring hole with a compressive load especially repeatedly by turns --******♦* — things are made and it can 
examine also about the property over a repeat compressive load, simultaneously the property over shearing 
force. Since it becomes easy to be generated according to shearing force, liquefaction is effective in the 
judgment of liquefaction. Since liquefaction will spread also to a compressive-load loading field and a variation 
rate will change a lot if the boundary section collapses, liquefaction can be judged. Moreover, even when 
applying a repeated load to one field of the porous wall of a ball ring hole, the property of the various 
foundations can be examined by the analysis technique of data. In this case, the compressive load by which 
loading is carried out in the direction which intersects perpendicularly with a hole axis and the torsion shear 
load by which loading is carried out to the hand of cut centering on a hole axis, By [ which combined 1 of three 
loads of the shear load by which loading is carried out to a hole axis and a parallel direction, or at least two 
kinds of loads ] combining, and loading with and examining a load The trial to a repeated load on which 
compression and a shear load act and which was based in fact can be performed being twisted. 



[Translation done.] 



[0034] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing liquefaction of the foundation in the original location using the bar hole which 
drawing 1 (A) requires for the gestalt 1 of operation of this invention, and the outline configuration of a 
dynamic trait testing device, and drawing 1 (B) are drawings showing the control configuration of a pressure 
control valve. 

[Drawing 2] Drawing 2 (A) is a graph with which drawing showing the example of an output by the pressure 

control valve of drawing 1 and this drawing (B) show the model of the test result of drawing 1 . 

[Drawing 3] Drawing 3 (A) thru/or (E) are the explanatory views showing liquefaction and the dynamic trait test 

method of the foundation in the original location using the bar hole concerning the gestalt 2 of operation of this 

invention. 

[Drawing 4] Drawing 4 is the functional description Fig. of the rubber sound of drawing 3 . 
[Drawing 5] Drawing 5 is the outline block diagram of the rubber sound of drawing 4 . 

Prawing 6] Drawing 6 is the explanatory view showing liquefaction of the foundation in the original location 
using the bar hole concerning the gestalt 2 of operation of this invention, and the example of a configuration of a 
dynamic trait testing device. 

[Drawing 7] Drawing 7 is other graphs of the test-result model of drawing 1 . 

Prawing 8] Drawing 8 (A) thru/or (F) are graphs which show the test-result model of the static strength test of 
a middle soil layer. 
[Description of Notations] 

I Rubber Sound (Cel for Measurement), 2 Water Tank (Liquid Tank), 3 Water (Liquid), 
4 Pressure Feed Zone, 5 Pressure Control Valve, 6 Interconnecting Tube, 

7 Computer, 

9 torque generator, 10 Displacement detecting element, 

I I Shear Load Generator, 12 Displacement Detecting Element 
100 Bar Hole 

110 Rubber Sound 

111,1 12,1 13 The 1st, the 2nd, the 3rd room 

121,122,123 The 1st, 2nd, and 3rd pressure regulation section 

1 14 Body Section, 115 Rubber Member, 1 16 Bolting Member 

120 A A chemical cylinder, 120B Gas holder 

121C, 123C Hydraulic cylinder 

121D, 123DBulb 

121E, 123E Bulb 

122C Water tanks 122C and 122D Pressure control valve 

Jl An upper case soil layer, J2 A middle soil layer, J3 Lower-berth soil layer 

150 Piezometer 



[Translation done.] 
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